Abstract. Pultrusion manufacturing process is a well established technique for the cost-effective production of high-modulus and lightweight composite materials having constant cross-sectional profiles. A study was carried out to analyze the effect of additives on bending strength of pultruded hybrid reinforced resol type phenolic composite. Glassfibre roving and kenaf fibre hybrid were reinforced in resol type phenolic. A series of bending tests were performed by varying the loading percentage of two type's pultruded fibres,without additives and with additives. From the results, it was found that the modulus of strength of composites with additives display higher values as compared to composite without additives. The presence of additives were able to synergistically interact with both fibres and finally improve the interaction between them. Analysis of the fracture surface from the bending test were carried out using Dino-Lite digital microscope.
Introduction
Pultrusion is a manufacturing process in which unidirectional filament (filament or roving) with other fabric mats are impregnated in resin and pulled through a heated die to produce long prismatic structural component with a cross-section [1] . The versatility of this process enables the production of profile with much different shape, what has largely contributed to the fast increase of pultruded composites [2] . Pultruded composites exhibit all of the features produced by other composites processes, such as high strength-to-weight ratio, corrosion resistance, electrical insulation and dimension stability [3] .The processing of fibre reinforced pultruded thermosetting resins (such as polyester, epoxy resin) is well established [4] .Commonly previous research highlighted the problems in pultrusion procedure, failure behavior and reinforcement in matrix composite. Compared with the thermo-setting composites, continuous fibre reinforced thermoplastic have a number of advantages such as high fracture toughness, recyclability and possibility to re-melt and reprocess [5] . However, in some cases, it is difficult to impregnate resin into dry fibre structure due to their high melt viscosity.
Since the 1990s, natural fibre composites are emerging as realistic alternatives to glassreinforced composites in many applications. Natural fibre composites such as hemp fibre-epoxy, flax fibre-polypropylene (PP), and China reed fibre-PP are particularly attractive in automotive applications because of lower cost and lower density [6] . Natural composites are also claimed to offer environmental advantages such as reduced dependence on non-renewable energy/material sources, lower pollutant emissions, lower greenhouse gas emissions, enhanced energy recovery, and end of life biodegradability of components [7] . With these properties and cheaper sources, these natural fibres theoretically offer desirable specific strengths and modulus [8] .As a result, the demands for natural fibre reinforced composites have increased drastically over the past few years, for various commercial applications in industrial sector [9] .
It is well known that kenaf have been widely considered as a suitable biological resource and a potential substitute of its extensive adaption, strong resistance, large biomass and rich cellulose. According to previous research by H.M Akil etc., kenaf fibre reinforced composites are generating increase attention due to its excellent properties and ecological considerations. Kenaf hasshown good compatibility as natural reinforcedmaterials with desirable strength provider for the pultruded products. From the series of mechanical tests for pultruded samples, they displayed a significant improvement in terms of structural performance characteristics, such as flexural strength, modulus, and impact resistance which is appropriate for various engineering products [9] .
To obtain a composite with better mechanical performance is reinforcement by two or more fibre-types in a single matrix, leading to hybrid composites with a greater diversity of materials properties. Hybridization of natural fibre, with stronger and more corrosion-resistance synthetic fibre (e.g.,glass fibre), can improve the stiffness, strength, as well as the moisture resistance of the composites, and therefore, a balance between environmental impact and performance may be achieved. Besides the increase in the mechanical properties of the composites, hybridization also reduces the weight composites and their production costs [10] .
In this project, the hybrid pultruded composite were fabricated using the appropriate combination of glass fibre and kenaf fibre as reinforcement in resol type phenolic resin.Resol type phenolic resin for pultrusion grade provides very good wettability. With the additions of additives there will be enhancementprocessability and the quality of the composite part. Evaluation of bending strength of the hybrid composites was carried out and the fracture surface of bending test samples was performed by Dino-Lite digital microscope.
Materials
All the materials (fibre glass, kenaf, resin and additives) were prepared by Innovative Pultrusion Sdn Bhd, Malaysia as the collaborator in this project. The fibre glass use is E-glass direct roving type where linear density is 4800(tex) manufacture by M/s.Saint Gobain Vetrotex. Kenaf fibres were supplied by Alam Fiber Impex Ltd., Bangladesh in twisted roving form.Phenolic resin (resol type) for pultrusion grade was obtained from ABR Organic Limited with viscosity 1500-2500 CPs. Three additives have been use BYK A560, BYK W 9010 and BYK P 9065.
Preparation of Pultruded Hybrid Composites. The composites were prepared using thermoset pultrusion machine at Innovatives Pultrusion Sdn Bhd, Seremban, Negeri Sembilan. The dimensions of the pultrusion die were 82cm x 1.27cm x 0.33cm.Pultruded composites samples were prepared with an average diameter of all composites rods 10.0 mm with the (0, 20, 40, 60, 80, 100) % of fibre loading ratio of glass and kenaf fibres. During the manufacturing composites, both fibres were placed on the creel merely of bookcase-type shelves and equipped with roving guide to lead the strands to the resin bath. The continuous both fibres were impregnated with phenolic resin in a resin impregnation tank. There was a pulling device to pull the resin impregnated both fibre though steel die to obtain the desired shape.For the additional additives samples, the amount added depends on the how much resin phenolic used. Examples 100 kgs phenolic resin, the additives added around 5.0 kgs. The heating temperature profile of the die was controlled by two heating plates along the pultrusion direction. The surface of the stainless steel die was treated by chrome plating. The pulling rate was 0.3 m/min at a die temperature of 150°C and 230°C for both types of phenolic resin.
Characterization. Bending test was carried out by using universal testing machine, INSTRON 4201 at the laboratory Mechanical and Manufacturing Engineering, Faculty of Engineering, UPM. Bending testing of all composites was conducted according to ASTM-D4476 standard. The specimen size was 9-10 mm in diameter for bending strength. The samples dimension was 19.2 cm (length), the span was 8 cm and crosshead speed was 3 mm/min. The Dino-Lite digital microscope was use to observe fracture surface of bending test samples.
Results and Discusion
The results of bending test were shown in Fig 1 and Fig 2. It was observed from the results that both modulus and strength composites which contain the additives were higher than that of without additives. Additional of additives improve the interaction between fibres, thus increase synergistic Applied Mechanics and Materials Vol. 564effect on both them, thereby enhancing the stiffness of the hybrid profile [7] . This could be attributes to the functional each additive as an air release, reduce shrink, mold release in order to an enhancement of processability and quality of the composite part. This tendency can be also related to the weak fibre-matrix interface due to the processing composite whereby some of the ratios shown the cavities and crack after final shape. The ratios 80:20 (%) and 60:40 (%) (fiberglass/kenaf) show the higher result on modulus and strength respectively. This is mainly due to the increase resistance to the shearing of the profile plus inclusion of rigid glass fibre [11] . Figure 4(a) , that improvement of stiffness and compatibility display the bonding between hybrids was turn out and fervent while in Figure 4(b) , the delaminating between glassfibre bundles occurred. It was considered that delamination of fibre glass causes the decrease in mechanical properties. Further works, we will improve the mechanical properties of the pultruded profiles comparable the other profile that already existing. 
Summary
The bending properties of pultruded hybrid composites have been investigated. It was observed that 80:20 and 60:40 (fibre glass:kenaf), showed the optimum mechanical performance. The modulus and strength plots showed the coupling agents are able to synergistically interact with both the fibres and improve the interaction between them, thereby enhancing the stiffness of the hybrid profile. Parts of the profile enable to fabricate some application such as fishing rod, ski poles and tennis racket.
